The NHHI was associated with widespread sustained improvements in HH compliance among Australian health care workers. Although specific linking of SAB rate changes to the NHHI was not possible, further declines in national SAB rates are expected.
The aim of the NHHI was to implement a standardised hand hygiene ( HH) cu lt ure -cha nge p ro gra m throughout all Australian hospitals to improve HH compliance among Australian health care workers (HCWs); establish a validated system of HH compliance auditing to allow local, national and international benchmarking; and establish a reliable system of health care-associated disease reporting, initially focusing on S. aureus bacteraemia (SAB) as a practical outcome measure of HH efficacy. 5 Here, we describe the outcomes from the first 2 years of the NHHI. Further details of the program's structure, methods and outcomes can be found in the supplementary material available at http://www.hha.org.au/ mjasupplement.aspx. 6 
Methods
Although several Australian states (New South Wales, Queensland, South Australia, Victoria, Western Australia) had implemented infection control initiatives to improve HH among HCWs, 1,2,7-11 benefits could be gained from a standardised national approach. The NHHI program was based on the World Health Organization "5 Moments for Hand Hygiene" program, 5 which defines the five key "Moments" when hand-cleaning is required during patient care (1: before touching a patient; 2: before a procedure; 3: after a procedure or body fluid exposure risk; 4: after touching a patient; 5: after touching a patient's surroundings). The program included standardised educational materials and a regular audit system of HH compliance. The NHHI was undertaken as a quality improvement initiative in all jurisdictions and did not require ethics approval. Implementation began in January 2009.
Hand hygiene data
To ensure standardisation and reliability of HH compliance data according to the HHA-adapted WHO 5 Moments tool, 5,12 HHA conducted up to 200 training workshops in all Australian states and territories to establish a network of "gold standard" auditors, who helped train other HCWs to become HHA auditors. Only accredited HHA auditors could submit data to HHA.
6
A 4-monthly schedule of data submission was established at all sites (Periods 1-3 in 2009 and 2010). 6 The size and nature of each participating hospital generally determined the type of wards and the total number of "HH moments" that were to be audited for each submission, such that the audit intensity was potentially consistent with the hospital's likely infection control risk. 6 Although the initial focus was on public hospitals, there was subsequently a rapid roll-out and uptake of the program among a majority of the large private hospital groups.
HH compliance data were analysed by overall compliance rates (ward, hospital, state and national [public hospitals, private hospitals, total]), HH moments and HCW category. 
Disease outcomes
For the purpose of this study and as a means of establishing a national benchmark for SAB rates, we collated available SAB data from all states and territories for the 2 years before (2007) (2008) either patient days or occupied beddays as the measure of hospital activity for each state/territory as the denominator. 6 Patient-days were defined as the total number of days for patients who were admitted for an episode of care and separated during a specified reference period. A patient admitted and separated on the same day was allocated 1 patient-day. 15 Occupied bed-days were defined as the sum of the number of daily occupied beds for the surveillance period. A patient episode of SAB was considered to be hospital-onset (HO) if the blood culture was collected > 48 hours after hospital admission.
Statistical analysis
Statistical analyses included  2 tests, confidence intervals for proportions, and linear regression where appropriate; 95% confidence intervals were calculated for all HH compliance rates. Trends for SAB (total, MRSA and methicillin-susceptible S. aureus [MSSA]) rates over time were assessed as previously described 1,2 using interrupted time-series segmented regression analysis. 16 Statistical analyses were performed using Prism 5.01 for Windows (GraphPad Software, La Jolla, Calif, USA).
Results
Hand hygiene compliance rates In late 2010, the overall national rate of HH compliance was 68.3% (95% CI, 68.1%-68.5%; 168 641/246 931 moments) in 521 hospitals, representing about 90% of acute Australian public non-psychiatric hospital beds and about 50% of acute private hospital beds. These data compare with a national HH compliance rate at the start of the NHHI of 63.6% (95% CI, 6 3 . 2 % -6 4 . 0 % ; 3 6 2 1 3 / 5 6 9 7 8 ; P < 0.001) (Box 1) -however, these baseline data were heavily influenced by Victoria, where a program using a similar audit tool had been in place for some years. 
Rates of S. aureus bacteraemia
Suitably robust data were available 6 to describe national total (HO and non-HO) incidence rates of MRSA bacteraemia (MRSAB) for 18 
Discussion
The Australian NHHI appears to have resulted in widespread sustained improvements in HH compliance among Australian HCWs in public and private hospitals. The overall HH compliance rate 2 years after implementation of the NHHI (68.3%) repre se nt s a sign ific a nt in crea se nationally, but especially in non-Victorian states and territories, where HH compliance increased by 56% from the baseline rate.
Use of the HHA-WHO 5 Moments auditing tool allows HH performance to be benchmarked nationally and internationally and provides important information for targeting educational efforts. The finding that HH compliance before patient contact or performing a procedure was 10%-15% lower than compliance after patient contact is a major concernalbeit consistent with previous Australian and international studies 1,2,5 -and highlights the need for focused educational efforts in this area.
Nursing staff appear to have readily adopted HH culture change, while medical staff lag significantly behind both the overall national average rate of compliance (52.3% v 68.3%, P < 0.001) and that observed for nonmedical HCWs (70.9%, P < 0.001). Although such differences have been noted previously, 2,5 the reasons for this lower compliance are likely to be complex and require further investigation. The HHA program is standardised and homogeneous, whereas consumer profiling and marketing studies suggest multiple educational approaches are likely to have the greatest impact on various HCW groups. 17 Not unexpectedly, medical staff had far fewer moments when HH was required than nursing staff (Box 3). This may be beneficial, given t he ir lo we r co mp lia nc e ra te s, although clearly the type of patient contact (eg, invasive v non-invasive) is important. Furthermore, it is only recently that education on appropriate HH compliance has become a regular feature of Australian medical school curricula (Geoff McColl, Director, Medical Education Unit, Univers i t y o f M e l b o u rn e, p e r s on a l communication). Nevertheless, our data raise important concerns about the assumed leadership role of medical staff in terms of HH compliance.
Although population-based SAB rates have been previously estimated, 18 ,19 these do not necessarily reflect hospital activity, but can now potentially be reconciled with our data. Aside from establishing an Australian benchmark rate for MRSAB and HO-SAB, our data highlight some interesting features. First, the finding that total MRSAB rates declined significantly during 2009-2010, yet HO-MRSAB did not, suggests that SAB episodes occurring < 48 hours after admission are likely to be important. Clarification of whether these are non-inpatient health care-associated or communityacquired is likely to influence future disease prevention strategies and highlights the importance of establishing a standard national system of SAB data reporting. Second, our data suggest that about three-quarters of HO-SAB is due to MSSA rather than MRSA. Given that in 2009-2010 there were 25 738 000 acute non-psychiatric patient-days in Australian public and private hospitals, 15 we could estimate from our data that there were about 1000 patient-episodes of MRSAB and about 2600 of HO-SAB nationally.
Although changes in the total MRSAB rate during 2009-2010 cannot be definitively linked to the NHHI and may be related to other factors, 20 ,21 the general decline is consistent with reports from previous Australian and international HH culture-change programs.
1-3 Based on these data, we expect to see a steady decline in the national SAB rates over the next 1-2 years as the impact of the NHHI roll-out takes effect.
Our study had some limitations. First, our data are likely to be an underestimate as implementation occurred in a stepwise fashion, so that national HH compliance rates represent data from some sites with a longer history of the program than others. As the HH program becomes established throughout all Australian hospitals, the compliance rate should improve and become more homogeneous. Second, the HH compliance rate does not directly correlate with changes in the risk of disease transmission. Instead, a "power band" of disease reduction appears to occur when HH compliance rates improve to 55%-70% using the 5 Moments tool (Didier Pittet, Director, WHO Collaborating Centre on Patient Safety, Geneva, Switzerland, personal c o m m u n i c a t i o n ) . S u b s e q u e n t improvements in HH compliance are likely to be associated with continuing reductions in health care-associated disease rates, but other factors (eg, intravenous catheter insertion and maintenance protocols) 11, 20 may increasingly play a role, depending on the disease outcome being measured. Further research into quantifying the impact of various infection control measures on disease outcomes such as SAB is needed to identify priorities for interventions. Third, although SAB data were available for all states and territories, audit data for NSW were available from only four of the 12 principal referral hospitals, 22 representing 22% of NSW acute public non-psychiatric hospital beds. However, we believe the inclusion of data from 41 of the state's hospitals, including the large Hunter New England Area Health Service, allows a meaningful estimate of the national SAB rate. The adoption by all jurisdictions of a national definition of health care-associated SAB 6 should provide more standardised and robust SAB data from 2011.
Ongoing support for the national HH culture-change program will be needed to maintain and improve HH compliance rates. Just as with other culture-change programs (eg, skin c an c er p r eve n t i on ) , c o n s t a n t reinforcement and refreshment will be required for the NHHI to enjoy sustained efficacy. Our data suggest the NHHI has been a success and that its organisational and multimodal approach may be a useful blueprint for other health-related culturechange programs.
